In this paper, a standalone patch antenna operating at 2.3 GHz is initially designed as a reference antenna. Subsequently, the patch antenna is incorporated with an Artificial Magnetic Conductor (AMC) as the ground plane to obtain an Antenna with Artificial Magnetic Conductor (AAMC). Performance comparison is analyzed between the standalone patch antenna and the AAMC. The incorporation of AMC to the patch antenna successfully enhances the bandwidth of the standalone patch antenna by 520%, increases gain by 2dBi, and boosts the efficiency up to 30 % as compared to the reference antenna. As a result of the bandwidth enhancement, the AAMC is capable to cover several frequency bands within 2.19 GHz to 2.5 GHz. Hence, the new design is suitable for WiMAX, WLAN and RFID applications. The measurement results in terms of return loss, gain and radiation patterns agreed satisfactorily with the simulated ones. Moreover, the parametric studies of antenna dimensions and air gap are presented and discussed.
1.0 INTRODUCTION
Metamaterial is an artificial resonant structure that is designed to obtain specific characteristics which are not naturally occurring in nature [1] . These unique characteristics of metamaterial have been used extensively in antennas and microwave applications in order to improve desired performances [2] .
AMC is a type of metamaterial which introduces an in-phase reflection phase within the band gap of a desired frequency [3] . This behaviour of in-phase reflection phase is the properties of Perfect Magnetic Conductor (PMC) that does not exist in nature. Thus, by introducing in-phase reflection phase characteristic of PMC by AMC, radiation efficiency and gain of antennas can be improved [4] , so the use of metamaterial gains increasingly interest in recent year [5] .
Perfect electric conductor (PEC) is the common reflector used in antennas to obtain a directional radiation pattern. The main drawback of using PEC is the presence of image current generation which opposites the direction of source current. Thus, the image current interference with the source current causes degradation in the radiation efficiency of antennas. This degradation can be minimized by extending the distance of the PEC surface from antennas by λ/4. However, the inclusion of the corresponding distance reduces the low-profile structure of antennas, which is undesirable for most antenna applications. The use of AMC can be an alternative for PEC in antenna applications
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Microstrip antennas are the preferable choice in the design of antennas due to the ease of fabrication, low cost, light weight and the low profile [6] . However, the drawbacks of microstrip antennas are typically narrow in bandwidth and low in gain [7] [8] . The percentage bandwidth (%BW) of a microstrip antenna is usually around 5% [9] . The gain of a single patch antenna cannot be improved by merely extending the size of the ground plane [10] . Furthermore, microstrip patch antennas suffer from the low radiation efficiency which caused by the surface wave excitation [11] .
A lot of researches have been done to improve the drawbacks of microstrip patch antenna [12] [13] . A compact antenna was reported in [14] where two mitered corners and two slots to achieved dual band capabilities. The lower band at 2.4 GHz was obtained through the manipulation of a current path at U-slot of the antenna. However, the antenna achieves a corresponding bandwidth of only 0.2 GHz (2.30 GHz -2.50 GHz) and a low gain of 1.85 dBi. A wideband antenna with 20 % bandwidth at 2.4 GHz was achieved in [15] which contributed by a horizontal microstrip arm and two small diamond-shaped patches. Although, the array antenna achieves a high gain of 6.8 dBi over the entire bandwidth, the overall structure is not low profile due to the positioning of aluminium ground plane that is 14.2 mm (0.11λ2.4 GHz) from the substrate of the radiating patches.
In [16] , a new technique was proposed for enhancing the bandwidth of 2.45 GHz circular polarized antenna by means of defected ground structure (DGS) and parasitic split ring resonators (SRRs). However, the bandwidth improvement is only 51.3%. In addition, a superstrate was introduced in [17] to enhance the bandwidth of the antenna at 1.7 GHz (lower band) and 2.4 GHz (upper band). The corresponding bandwidth of the upper band is only 3.9%. The incorporation of superstrate manages to enhance and reduce the size of the antenna in the trade off gain reduction and decrease in efficiency.
AMC unit cells have been integrated as a modified ground plane in [18] to a microstrip antenna which operates at 2.48 GHz. The bandwidth is only increased from 20 MHz to 46 MHz which corresponds to 130% bandwidth enhancement, when compared to reported reference antenna. The proposed design also uses lots of AMC which consist of 20 unit cells. Generally, lesser number of used unit cell contributed to a smaller periodic array of AMC structures. Hence , a more compact design can be achieved [19] .
Additionally, in [20] , a dual band array antenna operating at centre frequency of 2.44 GHz and 5.88 GHz band was proposed. The proposed antenna achieves the bandwidth of 9.83% and the array configuration gives a maximum gain of 7.6 dBi at the lower band. However, the use of filtering elements to permit dual band operation of the antenna adds complexity to the design of the array antenna.
In this paper, a patch antenna with an AMC ground plane which consists of only single radiating patch is proposed. Nine AMC unit cells were used in the periodic AMC array which acts as an AMC ground plane to the antenna. The incorporation of the AMC unit cells into the patch antenna enhances the bandwidth to cover from 2.19 GHz and 2.50 GHz bands. This AMC integrated antenna is suitable to be used in multiple wireless services such as WLAN (2.45 GHz), WiMAX (2.3 GHz) and RFID (2.48 GHz).
2.0 DESIGN OF THE STANDALONE ANTENNA
The standalone patch antenna was designed using computer simulation technology (CST) 2010 microwave software. An inexpensive FR4 substrate with dielectric permittivity of 4.5, thickness 1.6 mm, and loss tangent 0.0195 were used in all designs. The thickness of the copper layer which was used as a conductor layer is 0.035 mm. , the antenna is rectangular in shape and fed through a coaxial connector at point A. The diameter of the coaxial connector is 1.0 mm. The point A is offset at a distance of x mm and y mm from the edge of the patch. The patch has a width and length of Wp and Lp, respectively. The substrate width and length is Ws and Ls, respectively and the dimension is shown by Table 1 . The antenna used a conventional copper ground layer. 
DESIGN OF ANTENNA INTEGRATED WITH AMC GROUND PLANE (AAMC)
The design of AMC unit cells is adopted from [21] which exhibits triple band of reflection in three different operating bands of 2.3 GHz, 5.8 GHz and 8.3 GHz. Figure 2 shows the edited graph of the reported work which focuses on the single 2. The measurement of the overall structure dimension is crucial since the performance of AAMC is sensitive to the air gap between the radiating element and the ground plane. The influence of air gap will be discussed in the subsequent sections. The substrate layer in Figure 3 (a) exhibits as a transparent rectangular layer, which gives better view of the overall antenna structure, the position of AMC unit cell as well as the core feeding from the coaxial connector to the radiating patch. The core of the coaxial connector was not connected to the AMC patches, otherwise; electromagnetic wave will be shorted and not propagate to the radiating patch.
Thus, a semi circular edge was introduced to the AMC patch in close vicinity to the core of coaxial connector as shown in Figure 4 Based from Figure 5 (b)-(c), the implementation of AMC ground plane successfully increases the concentration of the surface current of the antenna at both bands of 2.3 GHz and 2.45 GH as compared to the concentration of surface current in standalone antenna which is shown in Figure 5 (a). Due to the bandwidth widening effect of AMC ground plane to the antenna (which will be discussed in the following section), so the antenna performs at 2.3 GHz and 2.45 GHz band. It can be observed that AMC ground plane improves the flow of surface current revolving around the radiating patch.
5.0 RESULT AND DISCUSSION
To fully analyze the performance made by embedding AMC to the patch antenna, the behaviour of the standalone patch antenna which acts as a reference antenna is initially studied. Figure 6 shows the parametric study of Lp with respect to return loss. It is observed that the value of Lp is not significantly affect the antenna in terms of return loss as the three parameter variation of 39 mm, 40 mm and 41 mm show similar curve characteristics. However, value of 40 mm is chosen as it obtains better S11 at 2.3 GHz. Referring to Figure 7 , it is observed that the return loss curve is shifted to the left when Wp is varied from 28.77 mm to 27.77 mm and vice versa. Nevertheless, the 10 dB bandwidth of the return loss curve approximately similar for all parameter variation of Wp. The simulated return loss of the standalone antenna is shown in Figure 8 . The return loss covers from 2.29 GHz to 2.34 GHz, which correspond to a simulated bandwidth of 0.05 GHz. (a) (b) Figure 9 The simulated radiation patterns of the standalone antenna at 2.3 GHz for (a) E-field and (b) H-field Subsequently, the performance of the AAMC is analyzed. Figure 10 shows the parametric result of air gap versus return loss. Based on the simulation results for the case of g = 0 mm, no bandwidth enhancement was achieved, a lower gain of 2.63 dBi (at 2.3 GHz) and a relatively lower efficiency (15.53 %) as compared to the reference antenna. Air gap, g of 2 mm was selected as the optimized value, as it gives wider bandwidth.
Figure 10
The simulated variation of g with respect to return loss As depicted in Figure 11 , a parametric study was also performed to analyze the variation of air gap to the gain of the AAMC at 2.3 GHz. It is observed that the gain is at its lowest when the air gap is not introduced to the AAMC (g = 0 mm). Subsequently, the gain is slowly increased as the value of g increase from 0 mm to 2 mm. Gain is barely increased further for any value of g greater than 2 mm. 2 mm was chosen as the optimum value of g to achieve minimum thickness of overall structure.
Figure 11
The simulated variation of g with respect to antenna gain Figure 12 shows the simulated and measured return loss of AAMC. The frequency covered by AAMC was from 2.19 GHz to 2.50 GHz which corresponds to bandwidth of 0.31 GHz. From the simulation result, it is observed that the integration of AMC ground plane enhances the antenna bandwidth by 520 %, as compared to the standalone antenna. Equation (1) was used to calculate the bandwidth enhancement whereby the reference bandwidth was based on the simulated bandwidth of the standalone antenna [22] . The measured return loss of the fabricated prototype is shifted to the right, while covering the commercial wireless application at 2.3 GHz and 2.45 GHz bands. The shifted in return loss is due to the misalignment of the antenna and AMC which located on different substrates and the soldering at the feeding point at the radiating patch of the antenna. Furthermore, a precise air gap is difficult to attain at any point located between the bottom and top substrate. 
The incorporation of AMC to the antenna successfully widens the bandwidth of the antenna which initially operated at narrowband of 2.3 GHz. Figure 13 (a) and Figure 13(b) show the radiation pattern at the lower band while higher band radiation pattern were shown in subsequent of Figure 13 (c) and Figure  13 Table 2 shows the parameter performance comparison of the standalone antenna and AAMC. The integration of AMC as an AMC ground plane to the antenna, reducing the HPBW of the standalone antenna by 7 ο . Subsequently, the directivity of the antenna of the AAMC was increased by 0.6 dBi. It is observed that, the efficiency and gain of typically low microstrip antenna were increase up 30% and 2.1 dBi, respectively. The measured gain of AAMC was in good agreement with the simulated ones. 
